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(57) Abstract 



A medical needle or cannula (10) for stimulation or ablation includes a rigid bent tip (14) for simplified placement at target sites 
within a patient's anatomy. The curved tip (14) or shaft is used to steer the device within the patient's body and to avoid critical anatomical 
structures. The device is partially insulated and has a tip (38) that is at least partially electrically exposed; a connection to an external signal 
generator (28) provides electrical stimulation or high-frequency heating of the patient's tissue proximal to the exposed tip. The device 
includes a longitudinal passage to facilitate the injection of fluids or the insertion of instrument through the cannula or needle (10). 
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ELECTRICAL PROBE WITH A BENT TIP 



FIELD OF THE INVENTION 

The invention relates to a system for pain relief employing electrical stimulation or high 
frequency delivery techniques, and more particularly to an apparatus for pain relief that 
delivers electrical stimulation pulses or high-frequency signals to the vicinity of a neural 
structure via an electrical needle or cannula. 

BACKGROUND OF THE INVENTION 

It has been found that relief from localized pain can be achieved in many 
patients through the delivery of electrical stimulation or high-frequency signals to a target 
region. To accomplish this, stimulation or radio-frequency electrodes are placed within a 
patient's body. Those electrodes are connected to a generator of stimulation electrical signals 
or high-frequency electrical signals to deliver energy to tissue and neural structures. This can 
result in anesthesia, temporary relief, or long-term relief from pain. Examples of electrodes, 
signal generators, and methods usable for this purpose can be found in the product line of 
Radionics, Inc., of Burlington, Massachusetts. 

A wide variety of electrode geometries can be used in such applications. For 
example, an electrode unit having an insulated shaft and an exposed electrical tip, which can be 
pointed, blunt and rounded, or open, are suitable for various procedures. Pointed tips are self- 
penetrating, while rounded tips can be used in soft tissue such as the brain. Open tips can be 
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used to deliver a liquid or other diagnostic or therapeutic agent, or a stylet or an endoscopic 
tool, to the target while simultaneously performing electrical treatment. Radio-frequency 
electrodes are commonly used; these typically have an insulated straight tubular metal shaft . 
with an electrically exposed tip. Connection at the hub or proximal end of the electrode is 
made to an external signal generator capable of generating stimulation or high-frequency 
energy. In the course of treatment, the electrode is inserted into the patient's tissue, and 
signals from the signal generator are thereby delivered into the region of the patient's tissue 
surrounding the tip of the electrode. 

The SMK Needle electrodes from Radionics are in some ways representative of 
electrodes typically used in pain relief procedures. The SMK Needles have plastic hubs and 
metal shafts that are insulated over most of their length. An exposed tip is a straight extension 
of the metal tubing shaft of the needle. An obdurating stylet is inserted into the needle during 
insertion into the patient's tissue. Once it has been inserted, the stylet is withdrawn and the 
radio-frequency or stimulation probe is inserted. The probe is connected to an external signal 
generator. Contrast agents or anesthetic fluids can be injected into the tissue near the tip 
through the hollow needle. 

A common use for the Radionics SMK Needle is in the stimulation and 
denervation of a patient's spine. In this procedure, the SMK Needle electrodes are inserted, 
while viewed via X-ray or fluoroscopy near the facet joints or other neural structures of the 
spine. Anesthetic or diagnostic localization agents can be injected through the needles, and 
stimulation testing can then be performed. Radio-frequency heat ablation of a portion of the 
patient's tissue near the tip of a needle is routinely performed. Hence, proper placement of the 
needle tip in the complicated structure of a patient's spine requires great skill by the treating 
clinician. One limitation of the straight electrodes typically used in such procedures is that the 
needles may need to be withdrawn and re-inserted multiple times to achieve the proper target 
region for the needle tip. 

The need to access other complex structures, such as lumbar-sacral discs, 
particularly where there is a high pelvic brim in males and in those individuals having extreme 
degenerative narrowing, makes needle placement even more difficult. The nerve root in the 
lower spine may be accidentally impaled; this presents a serious medical risk to the patient. 
Again, the use of straight, self-penetrating needles is limited somewhat in that the tip is 
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collinear with the needle shaft, so navigating the tip to avoid critical structures requires 
redirection of the shaft and repeated manipulation. It would be desirable to facilitate such 
redirection in ways unachievable by a straight needle, reducing the need to withdraw and re- 
insert the needles. 

Moreover, the straight, exposed tip of a straight needle cannot hug the contour 
of a curved bony structure such as the superior articular facet, which proximates target nerves. 
This can present a restriction to target location in some situations. 

It is desirable to be able to redirect or steer the tip of the electrode, which for 
straight needles can be tedious and difficult. It is further desirable to be able to control the tip 
of a needle by mere shaft rotation or other means of manipulation. 

Stimulation and high frequency electrodes having expandable and flexible 
curved tips are known. Examples of such electrodes are the TEW Electrode Kit and the ZHK 
Electrode Kit, both manufactured by Radionics. Those electrodes both have flexible, curved 
tips, which extend from the straight shaft of an enclosing cannula to extend off-axis in an arc. 
This is useful in certain neural regions such as the trigeminal ganglion or the pituitary gland, or 
any area where the target region is very soft or fluid filled. Such flexible off-axis electrodes 
have a limitation that there tips cannot penetrate tough tissue or encounter hard bone without 
being damaged or diverted. 

It is observed that neither straight needles nor flexible electrodes have the 
desired characteristics for use in difficult-to-reach target regions. Accordingly, it would be 
desirable to have an electrode cannula for stimulation or ablation that avoids the limitations of 
the art. 

SUMMARY OF THE INVENTION 

The present invention is directed to a system and method for delivering 
anesthesia, pain relief, or other treatment involving a firmly curved tip needle electrode. In 
one example, a needle comprising a metal tubular shaft having insulation over a portion of the 
shaft further includes an exposed and bent tip portion. This bend can be fabricated into the 
metal shaft so that it is relatively permanent and robust. The bent needle can then be 
connected to a signal generator to supply stimulation, high frequency, or pulsed high 
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frequency signals for the purpose of stimulation, heat ablation, or other anesthetic electrical 
action. 

Such a robust bent tip would make possible the re-direction of the position and 
orientation of the tip near neural structures, bone, or critical structures, without the need to 
fully withdraw and re-insert the needle. Alteration of the direction of the needle hub presents 
another advantage. It can be advantageous with a bent tip to follow neural structures, hug 
bony structures, and avoid certain organs or regions at risk, which can be useful in certain 
clinical applications. 

A further advantage of a permanently bent or curved needle is that its position 
can be altered to some degree by merely rotating the needle shaft; this is not the case with 
straight needles. Accordingly, some position adjustments can be performed with fewer 
manipulations than a straight needle would require. Moreover, a bent or curved needle having 
a pointed tip mounted at the distal end of a relatively rigid tubular or solid shaft enables self- 
penetration of tough tissue near hard, bony structures. This kind of manipulation is not . 
generally possible with side outlet-bearing electrodes such as Radionics' TEW and ZHK kits 
because of the fragility and flexibility of their tips. 

The advancement and manipulation of a bent needle or cannula can be 
performed under X-ray or other guidance by the clinician to place the bent tip in its target 
position. This provides an added advantage over a straight needle or cannula. 

These features and advantages as well as others will be apparent in the detailed 
description that follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, which constitute a part of this specification, embodiments are 
exhibited in various forms, and are set forth specifically: 

FIGURE 1 is a schematic diagram of a bent tip electrical needle connected to 
an electrical signal generator, in accordance with the present invention; 

FIGURE 2 includes FIGURE 2A and FIGURE 2B, which show schematic side 
elevation and orthogonal view representations of a bent tip needle with a stylet, an electrical 
probe, and a signal generator; and 



WO 99/34860 



PCT7US99/00453 



5 

FIGURE 3 shows a side elevation view and an orthogonal view, schematically 
rendered, of a blunt bent-tipped needle with index markings and an injection port. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring initially to FIGURE 1, a radio-frequency electrode cannula 10 having 
a shaft 12 is shown inserted into a portion P of a patient's body. The shaft 12 of the electrode 
cannula 10 has a rigid, permanent, off-axis bend at a distal tip 14. The cannula 10 can be 
inserted directly through the skin of the body portion P to locate the tip 14 in a target position 
within the body. For illustrative purposes, an internal anatomical structure 16 is shown, and 
the curved tip 14 is directed around the anatomical structure 16. This can be accomplished by 
manipulation of the shaft 12 upon insertion, making use of an off-axis, rigid, curved, self- 
penetrating point 18 defined by the tip 14. The shaft 12 can be axially rotated, as illustrated in 
FIGURE 1 by an arrow A. The tip 14 will accordingly alter its azimuthal orientation within 
the body portion P with respect to the fixed position of the shaft 12. Therefore, for a given 
direction of insertion, the curvature of the tip 14 permits a variety of tip positions to be 
reached. In this way, by a process of inserting the electrode cannula 10 longitudinally and 
rotating it azimuthally according to the arrow A, the tip 14 can be steered or directed in 
accordance with the operating clinician's needs and actions. 

The electrode cannula 10 further comprises a hub 20. The hub 20 is capable of 
accommodating an electrical probe 22, which includes a segment that is inserted into and 
received by the shaft 12 of the cannula 10. This physical relationship between the probe 22 
and the shaft 12 facilitates electrical contact between the two elements. 

An electrical signal is transmitted to a target region within the body portion P 
by way of a pair of electrical connections 24 and 26. A first electrical connection 24 couples 
the cannula 10 to an external signal generator 28 by way of the hub 20 and the probe 22. A 
second electrical connection 26 connects the external signal generator 28 to a reference 
electrode 30 in co ntact with the patient's body portion P. As discussed above, the signal 
generator 28 can be a source of electrical stimulation, pulsed high-frequency stimulation 
signals, high frequency signals, pulsed radio-frequency output,.or other electrical waveforms. 
The two electrical connections 24 and 26, in cooperation with the cannula 10 and the 
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reference electrode 30, form a complete electrical circuit permitting current flow. For 
background information on how this has been accomplished in past systems, see E.R. Cosman 
and BJ. Cosman, "Methods of Making Nervous System Lesions," in R.H. Wilkins and S.S. 
Rengachary, eds., Neurosurgery, New York: McGraw-Hill (1984), v. m, pp. 2490-98. 

Generally, by the connections set forth above, an output of the signal generator 
28 is conveyed via the first electrical connection 24 to the probe 22, the cannula 10, and its tip 
14. This causes electrical stimulation or high-frequency heating of tissue near the exposed 
electrical tip 14. This practice is well known in the arts of stimulation and ablation. 

However, in accordance with an embodiment of the invention, as shown in the 
illustration of FIGURE 1, the tip 14 of the cannula 10 has a bent configuration, and the 
straight portion 32 of the shaft 12 is at least in part electrically insulated, as indicated by the 
hatched area of FIGURE 1. The cannula 10 is inserted into the patient's body portion P under 
X-ray guidance. One common practice is to locate an X-ray source S along a desired axis for 
needle placement. An image detector I disposed on an opposite side of the body portion P 
then receives those X-rays transmitted along an axis X of the cannula 10, thereby permitting 
verification of the proper location and orientation of the tip 14 of the cannula 10. When bony 
anatomy corresponds to the appropriate direction of insertion by the clinician, the cannula 10 
can be inserted into the patient's body portion P along that direction. See E.R. Cosman and 
BJ. Cosman, "Methods of Making Nervous System Lesions," inR.H. Wilkins and S.S. 
Rengachary, eds., Neurosurgery, New York: McGraw-Hill (1984), v. EI, pp. 2490-98. This 
is known as the "needle view" method of needle placement. 

Commonly, a C-arm fluoroscopic X-ray machine includes the source S and the 
image detector I. When the cannula 10 has been moved into a longitudinal position near the 
target, the angular orientation of the tip 14 can be manipulated into one of many possible 
rotation angles, as indicated by the arrow A. As an illustration, the curved tip 14 can be 
steered around the anatomical structure 16. The surface of the exposed tip 14 can be 
positioned to "hug" or otherwise approach the contour of the anatomical structure 16. The 
structure 16 may be a bony structure that has nerves running near its surface, and the clinician 
may desire to modify or coagulate those nerves by electrical signals sent from the tip 14 by the 
signal generator 28. This procedure can be more effective when performed with the rigid bent 
tip 14 of the invention than with a traditional straight or flexible tip. 
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FIGURE 2 shows another embodiment of the present invention. By way of a 
further explanation of a specific embodiment, FIGURE 2 illustrates various additional features 
of a curved or bent-tipped electrical needle. In an illustrative embodiment, the shaft 34 
comprises a hollow metal tube with an insulated portion 36 illustrated by hatched lines, as 
5 shown in FIGURE 1. The distal curved tip portion 38 is an extension of the metal tube; it 

defines a permanent or semi-permanent curve that has an at least partially uninsulated surface 
portion. In the embodiment illustrated in FIGURE 2, the bend is approximately curvilinear 
and defined by a radial arc. The tip portion 38 of the shaft 34 has a distal pointed end 40, 
which as described above can be useful in penetrating tough tissue. A hub 42 can be metal, or 

10 alternatively plastic when radiotranslucency is desired. 

The embodiment set forth in FIGURE 2A is shown with a stylet inserted. 
Though most of the stylet is not visible, because it is obscured by the shaft 34, the hub 44 of 
the stylet is visible at the proximal end of the device. Traditional needle sets that include 
insulated metal shafts with matching stylets are common in medical practice. See, for 

15 example, the SMK needles and cannulae made by Radionics. 

FIGURE 2B is another view of the needle illustrated in FIGURE 2A, but 
additional features are visible. The pointed end 40 defines an opening 46 that is capable, as 
discussed above, of dispensing diagnostic or therapeutic liquids, or of allowing a stylet or 
endoscopic instrument to pass. Also shown is an index dot 48 on the hub which indicates the 

20 orientation of the bent tip 38. In a preferred embodiment, the index dot 48 is located at the 

same radial position on the shaft 34 as the bent tip 38 and pointed end 40. An index notch 50, 
which indexes the stylet and its hub 44 with respect to the shaft 34 and the orientation of the 
tip 14, is further provided. Index notches such as notch 50 are commonly used in needle and 
stylet sets. An electrical probe 52 is receivable by the shaft 34 when the stylet is removed; it 

25 has a probe shaft 54 and a probe tip 56. In one embodiment of the invention, the probe tip 56 
comprises a temperature sensor. See, for example, the SMK needles and cannulae made by 
Radionics. 

The apparatus illustrated in FIGURES 2A and 2B is used as follows. The 
cannula 33, with a stylet positioned in the shaft 34, is inserted into the patient f s body portion P 
30 (FIGURE 1) either percutaneously or intraoperative^. An X-ray viewer (comprising a source 
S and an image detector I, as disclosed above) can verify the position and orientation of the 
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bent tip 38 in relation to desired anatomical targets. The stylet is then removed, and the probe 
52 is inserted into the shaft 34. The probe 52 is connected to the signal generator 58, and the 
process of electrical stimulation, high-frequency heating, or other electrical application can be 
made. Electrical signals from the signal generator 58 are communicated to the exposed distal 
5 tip 3 8 by way of contact between the probe shaft 54 and an internal lumen defined by the 

electrode shaft 34. If the electrode shaft 34 or cannula is a metal tube and the probe shaft 54 
has a metal outer surface, then this can be accomplished simply through physical contact 
between the probe shaft 54 and the electrode shaft 34. When the application of therapeutic 
electrical signals is complete, the probe 52 is withdrawn from the cannula 33, and the 

10 electrode can then be withdrawn from the patient. 

FIGURE 3 illustrates a further embodiment of the invention, useful in certain 
other applications. FIGURES 3 A and 3B represent alternative views of the same embodiment, 
and as such, reference numerals are shared between the figures. In the cannula 59 illustrated 
in FIGURE 3 A, a shaft 60 has an insulated proximal portion 62 (dashed-line portion) and an 

15 uninsulated distal tip section 64. The shaft 60 defines a permanent, rigid bend portion 66. The 
bent portion 66 can be in the insulated proximal portion 62 or in the distal tip section 64 
depending on the application; in the illustrated embodiment, the bent portion 66 is part of the 
distal tip section 64. The tip section 64 also has a relatively straight portion. The tip section 
64 terminates in a blunt or rounded end 68, which in this embodiment is closed (in contrast to 

20 the open ends 18 and 40 of FIGURES 1 and 2). A hub 70 is a standard hypodermic needle or 
luer type hub, capable of connection to stylets, electrical probes, syringes, or injection tubes. 
For example, precision nerve blocks by injection of local anesthetic can be used to confirm the 
exact position of a target in a diagnostic procedure. This may then be a precursor to other 
options such as stimulation, radio-frequency heating, pulsed radio-frequency heating, and 

25 other procedures discussed herein. 

A portal window 72 is shown in the tip portion 64 of the bent needle or cannula 
59 of FIGURE 3. In this way, anesthetic, contrast fluids, or other diagnostic or therapeutic 
agents injected through the hub 70 will be discharged through the window 72 on a lateral 
portion of the tip 64. Again, an index marker 74 indicates to the clinician the direction of the 

30 bent tip 64, even when the tip 64 is not directly visible. The index marker 74 is preferably 
placed on a proximal portion of the cannula 59 or other instrument, and in the illustrated 
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embodiment on the hub 70. The index marker 74 facilitates steering the bent tip during 
placement of the cannula in the patient's tissue; it also indicates the direction of the window 72 
if fluids are to be injected interstitially. 

In one embodiment of the invention, as illustrated in FIGURE 3, the window 

5 72 lies on an inside portion of the curved or bent tip 64. In this way, the directionality of the 
injected anesthetic or contrast fluid can be maintained toward the inside of the needle's curve. 

Cannulae such as those shown in FIGURES 1-3, particularly the sharp-tipped 
embodiments illustrated in FIGURES 1 and 2, must be placed with accuracy and care to avoid 
injury to critical neural structures. The use of a C-arm X-ray machine, such as that 

10 schematically indicated by the source S and image detector I of FIGURE 1 is a common 
imaging method used for insertion and placement. The "needle view" or "beam view" 
approach used with such an imaging method is in common practice. However, it should be 
noted that alternate imaging methods for needle or cannula placement can employ CT, MRI, 
ultrasound, or other techniques. 

15 The advantages and uses of the bent tip electrical cannulae disclosed and 

claimed herein are apparent in light of the foregoing structural details. Bent tip electrical 
probes according to the invention provide improved target positioning and safer placement in 
comparison to traditional treatment modalities. For example, directional steering is facilitated 
by the curve in the distal end of a spinal needle formed in accordance with the embodiments of 

20 FIGURES 1 and 2. Directional changes during needle insertion can be achieved more easily 
and less traumatically than would otherwise be possible with a straight-tipped electrode, 
reducing the need for repeated painful withdrawals and re-insertions. 

With a bent-tipped electrode or cannula, rotating the hub while the device is 
inserted can facilitate steering along a desired insertion path. In this way, a curved or bent- 

25 tipped device is steered down the X-ray beam, or perpendicular to the plane of the "needle 
view," toward the target. The exact skin entry point used to reach a particular target is less 
important with a bent-tipped device, because a considerable degree of directional control is 
possible during manipulation of the needle toward the target. 

A further advantage of using a small-gauge spinal needle with a curved or bent 

30 distal end is that it can be accurately steered into narrow and relatively difficult-to-access 
portions of a patient's spine. For example, access to the lumbar sacral disc is often difficult 
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with straight needles, especially with the high pelvic brim in males and the extreme 
degenerative narrowing seen in the bony structures of some patients. In these situations, the 
use of a straight-tipped needle can increase the risk of L5 nerve root puncture or injury. With 
the present invention and a curved-tipped spinal needle, this danger can be avoided and the 
5 risks thereby minimized. The bent tip enables a curved approach to the spinal structures and 
the intravertebral disc. It facilitates the placement of the curved tip in such a way as to hug or 
conform the outer aspect of the superior articular facet. Moreover, the curved needle of the 
present invention can be steered around corners, underneath bone grafts, and past spinal 
fixation devices such as metal plates that may have been implanted on the spine in previous 

10 surgical procedures. 

Yet another advantage of the system and method of the present invention is 
that certain other anatomical structures are easier to access with a curved-tipped needle. The 
lumbar joint, which is a complex curved structure, and the sacroiliac joint, which is partially 
obscured to a posterior approach by the ilium, are clinical examples in which this advantage is 

15 particularly important. Moreover, a fine degree of directional control can be achieved in the 
context of nerve blocking of spinal roots in these areas and in the nerve root canals. As in all 
surgical procedures, avoidance of injury to delicate anatomic structures is of primary 
importance. As discussed above, this can be accomplished by making small adjustments to the 
direction of the curved needle tip, by altering the azimuthal orientation of the shaft during 

20 placement. 

Directional control is particularly advantageous in cervical discography, which 
involves access via an oblique tract that avoids structures such as the esophagus, which is 
laden with bacteria. The curved tip of a needle according to the invention, placed in this case 
near the anterior aspect of the intervertebral joint, is then steered by its curvature into the disc. 
25 It is even possible to alter the position of the needle in the disc once it has entered the disc 
itself. 

Another important clinical application is lateral entry to the tarricopalatine 
fossa via the tarricomaxillary fissure, which is partially obstructed by the convex posterior 
wall of the maxilla. A needle with a terminal or distal curve can be used with advantage to 
30 negotiate this difficult entry tract. As with entry to the spinal nerve root canal, small changes 
in the orientation of the curved distal tip are possible with the present invention, without the 
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need to withdraw and insert the needle multiple times. 

Furthermore, the uninsulated portion of the tip 14, 38, or 64 (FIGURES 1-3) 
can be made to lie parallel to neural structures which are on a curvilinear geometry. This 
configuration is advantageous in those clinical situations in which a radio-frequency heat lesion 
5 is to be made on the neural structures, as the uninsulated tip used to generate the lesions 
conforms better to. the target neural structures. 

The apparatus of the present invention enables access to multiple tip positions 
and orientations with fewer needle insertions than with conventional straight-tipped needles. 
This is achieved by rotating the hub of the cannula 59 (FIGURE 3, for example) to cause the 

10 curved tip 64 to access different target volumes. For example, when treating the medial 
branches of the posterioramus in the cervical region, straight electrodes generally must be 
placed at several points, since each facet joint is enervated by more than one division of the 
posterioramus nerve. The curved needle of the present invention reduces the need for multiple 
placements. Furthermore, one can achieve varied directionality within bony openings such as 

15 the foramen ovale for access to the trigeminal ganglion or the spinal foramena for access to 
spinal root ganglia. 

• As illustrated in FIGURES 2 and 3, the curved needles of the invention may 
have color-coded markers such as the index dot 48 (FIGURE 2) and the index marker 74 
(FIGURE 3). These markers indicate the orientation of the curved tip for convenient steering 

20 or navigating of the cannula 33 or 59 once it has been placed within the patient's tissue. Color 
coding at the proximal end of the cannula may be used to indicate the degree of curvature of 
the tip; it is expected that different curvatures will most advantageously be used in different 
patients and applications, where the target regions have varied geometries. 

Those individuals skilled in the art will recognize that many variations of the 

25 electrode geometries depicted in FIGURES 1-3 are possible without departing from the 
invention. Various sized electrodes can be made, from extremely small gauges (e.g., 30 
gauge) to much larger sizes (e.g., 10 gauge). Also, the shape and degree of tip curvature may 
vary widely. The shape of the tip and the extent of insulation vs. exposed electrode can be 
variable, depending on the application. For example, in FIGURES 1 and 2, the exposure of 

30 the tip 14 or 38 may be only on one side of the cannula to facilitate directional stimulation or 
ablation; the exposed portion of the tip need not extend all the way around the tip azimuthally. 
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Moreover, as discussed above, the tip of an electrode constructed according to 
the invention may have a sharp or a blunt point. A blunt or rounded end can be preferable in 
some situations, as it will deflect away from a neural structure or blood vessel rather than 
pierce or injure it. As an example, in stimulation and lesioning applications, a needle tip may 
5 need to be placed at the lumbar sympathetic nerve chain, which passes close to the ventral 
nerves and the lumbar plexies. In this situation, a blunt-tipped needle is safer. Another 
advantage of a blunt-tipped needle is that it can give a greater degree of "feel" as it passes 
through various tissue structures and planes. For example, there is a distinct "popping" 
sensation as a blunt tip passes through the psoas fascia on its way to the sympathetic nerve 

10 chain. To insert a blunt-tipped needle, a traditional pointed intravenous cannula can be passed 
or punctured through the skin to a certain level, with the blunt-tipped needle according to the 
invention then inserted into the same tract, or even through the cannula. Deeper tissues tend 
to present less resistance to a blunt-tipped needle than the skin and shallow structures, unless 
there is substantial scarring, and therefore a blunt-tipped needle can frequently be manipulated 

15 very easily. 

In some situations, a sharp needle (such as those illustrated in FIGURES 1 and 
2) may be easier to insert or manipulated. For example, in a conscious patient, a pointed 
needle is inserted more comfortably, whereas for a sedated patient a blunt-tipped needle may 
be used. In another context, the medial branch of the superior ramus is better approached 

20 with a sharp-tipped needle or cannula because major neural structures do not lie in the desired 
pathway to the lumbar transfer process or the waste of the articulate pillar in the cervical 
spine. In the pointed-tipped needle shown in FIGURE 2, the aperture or opening 46 for 
injecting fluids lies at the very distal end of the tip 38, in contrast to the inside wall used for 
the window 72 of FIGURE 3 . 

25 Various forms and embodiments of the bent tip needle or cannula are provided 

herein involving various shapes, sizes, forms, and configurations of the cannula and associated 
stylet,, electrical connection, temperature monitoring scheme, signal generator, and other 
components. However, it should be recognized that other forms of the present invention may 
become apparent to those skilled in the art. For example, as discussed above, various 

30 configurations of tip geometry, bluntness or sharpness, degree of curvature, position of fluid 
injection ports, and the insulation configuration may be devised. Moreover, the curvature of 
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the tip may be permanently established upon manufacture of the device, or in an alternative 
embodiment, may be modified by bending a semi-malleable structure at the time of surgery by 
the clinician. A family of needles or cannulae with different geometries may be created 
according to the invention. 

It should be noted that the terms needle, probe, cannula, etc. as used herein all 
denote medical and surgical tools that can accommodate the bent tip structure disclosed and 
claimed. There is no intention to restrict any particular embodiment of the invention to fewer 
than all of the foregoing implements. Furthermore, certain exemplary clinical applications 
have been discussed herein as those in which the invention can be successfully employed to the 
clinician's advantage. However, the invention is not limited to use in such applications, and 
other medical and surgical procedures would be apparent to a practitioner of ordinary skill. 

Thus, while certain exemplary structures and operations have been described, 
the invention is not so limited, and its scope is to be determined according to the claims set 
forth below. 
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WHAT IS CLAIMED IS: 



1 . A hollow cannula for insertion into a patient's body and adapted to receive an 
electrical signal from a signal generator to be transmitted to a target region in the patient's 

5 body, comprising: 

an elongated shaft defining a longitudinal passage; 

a distal tip portion having an electrically conductive surface; and 

an electrical connection for receiving the electrical signal; 

wherein the shaft defines a rigidly bent portion to facilitate placement of the distal tip 
1 0 portion at the target region. 

2. The cannula of claim 1, wherein the means for receiving the electrical signal 
comprises an electrical connection to the signal generator. 

15 3. The cannula of claim 1, further comprising a hub mounted at a proximal end of 

the shaft remote from the distal tip portion, wherein the hub includes a marker to indicate the 
orientation of the bent portion when the cannula is inserted into the patient's body. 

4. The cannula of claim 1, wherein the distal tip portion defines a sharp end to 
20 facilitate insertion into the patient's body. 

5. The cannula of claim 1, wherein the distal tip portion defines a blunt end. , 

6. The cannula of claim 5, wherein the blunt end is closed to fluid flow. 

25 

7. The cannula of claim 6, wherein the longitudinal passage is adapted to pass a 
fluid flow, and wherein the distal tip portion defines a radial window adapted to allow fluid 
passage for delivery to the patient's body. 



30 



8. 



The cannula of claim 1, wherein the shaft is at least partially insulated. 
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9. The cannula of claim 1, wherein the electrical connection comprises a probe 
adapted to be received by the shaft. 

10. The cannula of claim 1, wherein the elongated shaft comprises a metal tube. 

5 

11. A hollow cannula for insertion into a patient's body and adapted to receive an 
electrical signal from a signal generator to be transmitted to a target region in the patient's 
body,, comprising: 

an elongated shaft defining a longitudinal passage; 
10 a distal tip portion having an electrically conductive surface; and 

means for receiving the electrical signal; 

wherein the shaft defines a rigidly bent portion to facilitate placement of the distal tip 
portion at the target region. 

15 12. An instrument for transmitting an electrical signal to a target region in a 

patient's body, comprising: 

an elongated shaft defining a rigidly bent portion; 

a distal tip portion having an electrically conductive surface portion; and 

an electrical connection for receiving the electrical signal. 

20 



WO 99/34860 



1/2 



PCT/US99/00453 




SUBSTITUTE SHEET (RULE 26) 



WO 99/34860 



2/2 



PCT/US99/00453 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Intern al Application No 

PCT/US 99/00453 



A. CLASSIFICATION OF SUBJECT MATTER , 

IPC 6 A61N1/05 A61N1/06 



According to International Patent Classification (IPC) or to both national classification and IPC 



B, FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 A61N A61B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



E.R. COSMAN AND B.J. COSMAN: "Methods of 
making nervous system Lesions in R.H. 
Wilkins and S.S. Rengachary" 
NEUROSURGERY, 

vol. 3, 1984, pages 2490-2499, XP000602663 
New York 

cited in the application 

see page 2498, column 17, line 1 - page 

2499, column 20, line 6; figures 

US 5 458 596 A (LAX RONALD G ET AL) 
17 October 1995 

see column 6, line 22 - column 7, line 62 
see column 8, line 8 - line 24 

-/-- 



1,2,4-6, 
8-12 



1,2,4,7, 
10-12 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



B Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to Involve an Inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

"&" document member of the same patent family 



Date of the actual completion of the International search 



13 April 1999 



Date of mailing of the international search report 



20/04/1999 



Name and mailing address of the ISA 

European Patent Office, P.B. 581 8 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Rakotondrajaona, C 



Form PCT/lSA/210 (second sheet) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



intern .al Application No 

PCT/US 99/00453 



C.<Contlnuaflon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with Indlcation.where appropriate, of tho relevant passages 



Relevant to claim No. 



US 5 409 453 A (LUNDQUIST INGEMAR H ET 
AL) 25 April 1995 

see column 7, line 25 - column 9, line 68 

see column 12, line 11 - line 32; figures 

US 5 486 161 A (LAX RONALD G ET AL) 

23 January 1996 

see column 4, line 22 - column 6, line 11; 
figures 

US 5 470 309 A (LUNDQUIST INGEMAR H ET 
AL) 28 November 1995 

see column 6, line 60 - column 7, line 47; 
figures 

US 3 890 977 A (WILSON BRUCE C) 

24 June 1975 

see column 2, line 65 - column 3, line 42; 
figures 1,2 



1-4, 
10-12 



1-4, 
10-12 



1,2,4-6, 
8-12 



I, 5,7-9, 

II, 12 



Forni PCWSAffllO (continuation of second shoot) (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Intert. lal Application No 

PCT/US 99/00453 



Patent document 




Publication 




Patent family 




Publication 


cited in search report 




date 




member(s) 




date 


uo D**ooi>yo 


A 


17-10-1995 


AH 
AU 


2432195 


A 


^y-n-iyyb 






PA 
LA 


2188668 A,C 


l £— i i _ l one 

io-n-i99b 






CD 

tr 


0760626 


A 


1 A-A^.l AA7 

i^-Uj-199 / 






10 

Jr 


10504732 


T 


19 AC 1 nno 

l2-0b-199o 






WU 


9530373 


A 


io-n-i99b 






IIC 

Uo 


5569242 


A 


29-10-1996 


Uo b4U94bo 


A 


25-04-1995 


MC 
Uo 


5370675 


A 


A£_1 9 1 (\QA 

UO-l£-1994 






IK 

Uo 


5435805 


A 


oc A7 i one 
£D-U/-199b 






Uo 


5421819 


A 


nc ac i ooc 
UO-UO _ 199b 






IIC 

Uo 


5385544 


A 


oi 1 ooc 

.Jl-Ul-199b 






All 


685086 


B 


1 C A1 1 OOO 

lb-01-1998 






ai i 
AU 


6133194 


A 


OA no 1 oovi 
29-08-1994 






All 
AU 


6189698 A 


no n7 i ooo 
U9-U/-199B 






AM 
AU 


7056594 


A 


i a _n*5_ i one 

i^-uj-iyyb 






LA 


2155217 


A 


is uo iyy*t 






ln 


1119418 A 


97— nl— 1 OQA 

t/-uo iyyo 






nc 

Ut 


4423228 A 


99.-09—1 QQC 

£j-U£-iyyb 






Ut 


9410654 


U 


tU iu iyyn 






CP 

tr 


0667126 


A 


1 A-AQ— 1 QQC 

lo uo iyyb 






CD 

tr 


0631514 


A 


(\A OI IrtrtC 

U4 - Ul-199b 






CD 

rK 


2709065 A 


oa no i nne 
24-02~199b 






T t 

1L 


108532 


A 


1 O rt7 1 AA7 

13-U/-199/ 






ID 

Jr 


8506259 


T 


no A7 i nn£ 
09-07-1996 






i in 

WO 


9417856 


A 


i o no t aa a 

18-08-1994 






t in 

WO 


9505124 


A 


o o no i nn c 

23-02-1995 






1 IC 

US 


5454787 


A 


no irt 1 nne 

03-10-1995 






1 IC 

us 


5549644 


A 


0*7 no 1 nnc 

2/-08-199O 






IIC 

Uo 


5720719 


A 


oa no i nno 
£4-0*1-1990 






IIC 

Uo 


5667488 


A 


10-09-199/ 






MC 
UO 


5531677 


A 


n o n7 1 one 

0£-u/-i99o 






1 IC 

Uo 


5685868 


A 


11 11 i nn7 
11-11-199/ 






MC 

Uo 


5848986 


A 


i c i o 1 nno 
lb _ 12-199o 






1 IC 

Uo 


5762626 


A 


nn r\c i nno 
09-00-1998 






1 IC 

Uo 


5807309 


A 


1 c nn i nno 

15-09-1998 






AT 
AI 


132046 


T 


15-01-1996 






A 1 1 

AU 


671405 


B 


OA AO 1 rtftt 

22-08-1996 






A 1 1 

AU 


2047595 


A 


iaaoiaac" 

10-08-1995 






AU 


657235 


B 


AA AO Irtftf 

02-03-1995 






A 1 1 

AU 


4999893 


A 


IC AO "I A Pk yl 

15-03-1994 






* D D 

BR 


9306893 


A 


ao i o i nno 

08-12-1998 






r a 
LA 


2121032 A,C 


AO AO 1 AO A 

03-03-1994 






LA 


2226484 


A 


no no 1 nn^ 
U3-03-1994 






nr 

Ut 


4305663 


A 


i "7 no i nn/i 
l/-0^-1994 






Ut 


69301143 


D 


no no i one 
00-0^-1990 






CD 

tr 


0611314 


A 


oa no i adA 
Z^-Uo-1994 






CD 

tr 


0629382 


A 


01 1 O 1 ClClA 

^1-1^-1994 






CD 

tr 


0893101 


A 


oo n i i nnn 
£/-01-1999 






ES 


2084510 


T 


01-05-1996 






FI 


950584 


A 


04-04-1995 






FR 


2694700 


A 


18-02-1994 






GB 


2269538 A,B 


16-02-1994 






IL 


104647 A 


31-12-1995 






JP 


7503645 


T 


20-04-1995 






MX 


9304905 


A 


29-04-1994 






NZ 


255687 A 


20-12-1995 


US 5486161 


A 


23-01-1996 


US 


5370675 A 


06-12-1994 



Form PCT71SA/210 (patent family annex) (July 1992) 



page 1 of 3 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Intern. .al Application No 

PCT/US 99/00453 



Patent document 


Publication 


Patent family 




Publication 


cited in search report 


date 




member(s) 




date 


US 5486161 A 




US 


5435805 


A 

n 


9C-07-1QQG, 

CD U/ 




US 


5421819 


A 

A 


UD UO 1330 




US 


5385544 


A 
M 


31 Ul 1773 




US 


5741225 


A 

n 


91 -04-IQQft 

Ci UH 1770 




us 


5456662 


A 

M 


10-1 n-1QQ5 

1U 1U 1773 




AT 


132046 


T 
1 


i K-01-lQQfi 

13 Ul 177V 




AU 


671405 


D 
D 


Op_nQ_1 QQfi 

cc uo 177U 




AU 


2047595 


A 


1 0-08-1 QQ5 

1U UO 1773 




AU 


657235 


B 


09-0^-1 QQC 
Ul UO 1773 




AU 


4999893 


A 


i R-0?-1QQ4 

13 UJ 177** 




AU 


685086 


B 


IC-ni-IQQQ 
13 VI 1 770 




AU 


6133194 


A 


9Q-0Q-1 QQA 




AU 


6189698 


A 


U7 U/ 1770 




BR 


9306893 


A 


flft-1 9-IQQft 

UO LC 1770 




CA 


2121032 A,C 


00-07-1 QQ4 

UO UO 177H 




CA 


2155217 


A 


1 fl-0ft-1QQ4 

lO UO 177*T 




CA 


2226484 


A 


o^-rn-i QQ4 

UO UO 177"+ 




CN 


1119418 A 


97-07-1 QQfi 

CI UO 177V 




DE 


4305663 


A 


i 7-07-1 QQ4 

1/ \JC 177*+ 




DE 


69301143 


0 


Ofl-0?-1 QQfi 

UO \JC 177U 




EP 


0611314 


A 


94-08-1 QQ4 

CH UO 177** 




EP 


0629382 


A 


61 XC 177** 




EP 


0631514 


A 


04-01-1QQH 
UH Ul 1773 




EP 


0893101 


A 


07-01-1 QQQ 

CI Ul 1777 




ES 


2084510 


T 


01 -OR— 1 QQfi 

Ul UD 177U 




FI 


950584 


A 


04-04-1 QQR 

U*+ U*r 1773 




IL 


104647 


A 


01 -1 9-1 QQC 
01 1C 1773 




IL 


108532 A 


1 7-07-1 QQ7 

10 U/ 177/ 




JP 


7503645 


T 


90-04-1 QQR 

C\J U*T 1773 


• 


JP 


8506259 


T 


OQ-07— 1 QQfi 

U7 U/ 177V 




MX 


9304905 


A 


90-04-1 QQA 

CJ U*T 177*T 




NZ 


255687 


A 


90-1 9-1 QQ5 

C\J LC 1773 




WO 


9404220 


A 


07-fl7-1QQ4 

UO UO 177H 




WO 


9417856 


A 


1fi-ftft-1QQ4 

lO UO 177*T 




US 


5409453 


A 


9C-04-1QQR 

CD U*r 1773 




US 


5470308 


A 


9fl-1 1 -1 QQ5 

CO 1 1 1773 




US 


5556377 


A 


1 7_0Q-1 QQfi 

1/ U7 177U 




US 


5720718 


A 


94-09-1 QQfl 

c4 Ul 1770 




US 


5542915 


A 


Ofi-0&-1 QQfi 
uo uo Lyy\j 




US 


5470309 


A 


OD_11-.1QQC; 
CO 11 17 73 




US 


5554110 


A 


10-OQ-1QQfi 

1U U7 177U 




us 


5549644 


A 


27-08-1996 




us 


5484400 


A 


16-01-1996 




us 


5630794 


A 






us 


5514131 


A 


07-n£.-1QQ6 

U/ U3 177V 




us 


5672153 


A 


70-0Q-1 QQ7 

Ju U7 177/ 




us 


5720719 


A 


94-09-1 QQR 

CH \JC 1770 




us 


5531676 A 


09-07-1 QQfi 

Ul U/ 177V 




US 


5536240 


A 


lfi-07-IQQfi 

IV U/ 177U 


US 5470309 A 


28-11-1995 


us 


5370675 


A 


06-12-1994 




us 


5435805 A 


25-07-1995 




us 


5421819 


A 


06-06-1995 




AT 


132046 


T 


15-01-1996 




AU 


671405 


B 


22-08-1996 




AU 


2047595 


A 


10-08-1995 




AU 


657235 


B 


02-03-1995 




AU 


4999893 A 


15-03-1994 



Forni PCT/1SAC10 (patent family annex) (July 1992) 



page 2 of 3 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Intern ial Application No 

PCT/US 99/00453 



Patent document 


Publication 




Patent family 




Publication 


uiou iii cn repon 


date 




member(s) 




date 


US 5470309 A 




BR 

u 1\ 


7JUUOJJ 


A 
rt 


Oft-1 9—1 OOfl 

UO LC 






CA 


?i ?io7? 


a r 


07— 07— 1 004 

uo uo iyy** 






CA 




A 
rt 


07—07—1 004 






DF 


4705667 

tJU jODj 


rt 


1 7— 09— 1 QOA 






DE 


fiQ70i 1 47 


n 


Oft— 09— 1 QQA 

uo~u<:— iyyo 






EP 


061 1 71 A 


A 

rt 


94— OQ— 1 GOA 

c^~uo~iyy*f 






FP 


0A9Q7ft9 


A 
rt 


9 1 —1 9—1 QO/I 

di i^-iyy^ 






FP 


oao7i oi 


A 
rt 


9 7 — fi 1 _1 QQQ 

£/-ui-iyyy 






FS 


90ft4M n 


T 
1 


n 1 — OC—1 QQA 

u i uo^iyyo 






FI 




A 
rt 


04—04—1 QOC 

u** uh iyyo 






FR 


9604700 

tu?*t/ UU 


A 
rt 


1 ft— 09 — 1 004 

lo U£~iyy** 






GB 


9?aqc7Q 

llUj J JO 


A R 

rt , D 


1 A— 09— 1 QQA 

10 \)u iyy** 






II 


104fiA7 


A 
rt 


71-1 9— 1QQC 

oi ±^~iyyo 






JP 
U 1 


7507fidR 


T 
1 


90—04—1 ooc 
c\i u** iyyo 






MX 


q704qog. 


A 
rt 


90— 04— 1 QQA 
cy U4 iyy** 






NZ 


LJ3UO/ 


A 
rt 


90—1 9—1 004 






us 




A 
rt 


71—01—1 ooc 
ol Ul 1773 






wo 




A 
rt 


07-07-1004 

uo uo lyyn 






US 

UO 


R40Q4C;7 

OHU? *+00 


A 
rt 


9R— 04— 1 ooc 
co u*f iyyo 






us 

uo 


oH / UoUO 


A 
rt 


9ft-1 1 —1 ooc 
co li iyyo 






us 

uo 




A 
rt 


99—1 1 —1 QQA 

cc ii"*iyy*t 






Uo 


CCCA777 


A 
rt 


1 7— OQ— 1 QQA 

i /~uy~iyyo 






us 

uo 


C70n71Q 
Oi L\JI lO 


A 
rt 


94—09—1 QGQ 

ch kjc iyyo 






tic 

Uo 


CC49Q1 C 


A 
rt 


uo— uo—iyyo 






IIC 
uo 


1 1U 


A 
rt 


i H— no_ i qoa 

iu-uy— iyyo 






IK 

Uo 


CCA0A44 
33*ty0 £ f't 


A 
rt 


97— HQ— 1 QQA 

c/-\)o -iyyo i 






IK 

Uo 


cabaaoo 

3HO*4hUU 


rt 


1A— Ol— 1QOA 

10 ui-iyyo 






IK 
Uo 


CA70704 


A 
rt 


On— AC— 1 007 

cu-Uu-iyy/ ; 






IK 

Uo 


EC141 71 

00 l**lol 


A 
rt 


07— OC— 1 OOA 

u/-uo iyyo 






IK 

Uo 


CA791 C7 
00/ c 1 00 


A 
rt 


uU—uy— iyy / 






IK 

Uo 


C79fi71 Q 

o / cu/ iy 


A 
rt 


^4-uy— iyyo 






IK 
Uo 


000 10/0 


A 
rt 


fi.9— f\7— 1 QQA 

\)c u/— iyyo 






IK 

Uo 


cc7A940 
oooo<i*+u 


A 
rt 


1 A— 07— 1 OOA 

iO""U/ iyyo 






US 


5542916 


A 


06-08-1996 






us 


5599294 


A 


04-02-1997 






IK 

Uo 


334U030 


A 

rt 


70—07—1 OOA 

ou \jf iyyo 






IK 
uo 


OOO/ Hoo 


A 
rt 


1 A— OQ — 1 QQ7 

io~uy iyy / 






us 


5531677 


A 


02-07-1996 






us 


5582589 


A 


10-12-1996 






us 


5591125 


A 


07-01-1997 






us 


5749846 


A 


12-05-1998 


US 3890977 A 


24-06-1975 


FR 


2262536 


A 


26-09-1975 






GB 


1499520 


A 


01-02-1978 






JP 


50141187 


A 


13-11-1975 





Form PCT/1SA/21 0 (patent family annex) (July 1992) 



page 3 of 3 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THIS PAGE BLANK (usfto) 



